The North Eastern Region (NER) of India has immense untapped hydropower potential which can be an excellent source of electricity for India. Hydropower development is also expected to trigger overall growth of the region and improve infrastructure. Hydropower potential of NER should be exploited through an optimal mix of runof-river and storage projects. This paper discusses the prospects, possibilities and practical aspects of hydropower development in this region.
Lake. Here the river is called Tamchok Khambab Kangri. Many snowfed streams join the river from the passes. In Tibet, the river is known as the Tsangpo; it fl ows into India as the Siang (or Dihang), and empties into the Bay of Bengal after traversing Bangladesh. The river traverses a distance of 2,880 km through China, India, and Bangladesh.
The Brahmaputra basin lies between 23°N to 32°N latitude and 82°E to 97°50'E longitude. The part of the Tibetan plateau falling under the basin has elevations varying from 3,000 to 5,000m and is dotted with numerous glaciers. Figure 1 shows the Brahmaputra and Barak (Meghna) basins. The culturable area of the basin is 12.15 M-ha.
The Brahmaputra basin in India is shared by Arunachal Pradesh (41.9%), Assam (36.3%), Nagaland (5.6%), Meghalaya (6.1%), Sikkim (3.7%), and West Bengal (6.5%) (Mahanta 2006) . In India, the valley is 640 km long and its width varies from 64 km to 90 km. The valley is bounded in the north by the high Himalayan ranges, in the east by the Patkai hill ranges, in the south by the lower (Assam) hill ranges and in the west, it is contiguous with the plains of Bangladesh. The southern (Assam) mountainous region of the basin is comprised of parts of the Naga hills, Mikir hills, North Cachar hills, Khasi hills and Garo hills. Figure 2 gives a view of the Lohit River, a tributary of the Brahmaputra. The average annual rainfall in the basin ranges from 100 to 400 cm, most of which occurs during the monsoon months of June to September. Mean annual rainfall (excluding Bhutan and Tibet) for the basin is 230 cm, maximum discharge of Brahmaputra river at Pandu . Mean monsoon fl ow at Shigatse (Tibet) is 507 MCM and at Pasighat (India), it is 3979 MCM. Brahmaputra has an average annual discharge of 19,820 cumec and an average annual sediment load of 735 million metric tonnes. NER is subject to frequent fl ooding and soil erosion.
Hydropower Resources of NER
From a meager 1,362 MW at the time of independence, the installed capacity in the country has risen to 202,979 MW (end of May 2012). Despite this growth, all the power regions of the country have been facing widespread shortages for some years. The power shortage in NER is about 11%.
The Central Electricity Authority (CEA) has assessed the hydropower potential of the country at 84,040 MW at 60% load factor from a total of 845 projects. The Brahmaputra basin has a potential of 34,920 MW from 140 identifi ed schemes. The potential developed in NER region is only 1.91%. Even after completion of the hydro schemes under construction, the potential exploited in the region would be about 10%. Thus a large potential will remain undeveloped in NER which will play a vital role in hydropower development of the country.
India's present (June 2012) hydropower installed capacity of 39,060 MW is 26% of national hydropower potential. In NER, hydro contributes about half of the total installed capacity (2,330 MW). Figure 3 shows the dam at Kopili which is an existing project of 200 MW capacity. The consumption of electricity in NER is largely in the domestic and commercial sectors (45% of total). The industrial consumption is less than 1% of the total industrial consumption of the country. The Government of India launched the 50,000 MW hydroelectric initiatives in May 2003. Under this, NER had 72 schemes with installed capacity of 31,925 MW which constituted about 64% of the total capacity involved. Arunachal Pradesh alone had 42 schemes with installed capacity of about 27,300 MW. Development of hydropower potential in NER will open growth prospects and provide an opportunity to improve the well being of the people. It will also make substantial contribution to national economy.
Why to Develop Hydropower Resources of NER?
There are several reasons why the hydropower resources of NER should be developed. Energy is a crucial input in economic development and due to various reasons, the country is facing large shortage of energy -overall as well as peaking. Electricity generated in NER can meaningfully help in overcoming the shortage. Hydropower sector is one of the best options for economic development in NER provided the projects are designed and constructed after properly taking care of social and environmental concerns. Multi-purpose projects will give additional benefi ts by way of fl ood control, navigation, and augmentation of lean season fl ows.
Many schemes from NER are economically very attractive. According to Rao (2005) , NER has 30 schemes with an installed capacity of 23,286 MW whose fi rst-year tariff is less than Rs. 2.50 per kW-hr. About half of these schemes (16 schemes, 18,366 MW) have fi rst-year tariffs less than Rs. 2.00 per kW-hr. Table 1 shows the number schemes in different categories and installed capacities. Note that the calculations were based on Central Electricity Regulatory Commission tariff notifi cations prevalent around 2005. Anyway, the substantial block of economic hydro potential available in NER merits serious action-oriented consideration to help meet the future power needs of the country.
Large-scale development of hydropower potential of NER to overcome the shortage of energy in the country will not be justifi ed unless a part of this energy is utilized in the region. The native power demand in NER is very low. It is only about 2% of the total demand of the Construction of hydropower projects in NER would also lead to development of infrastructure (roads, communications, and electricity supply to remote areas), industrialization, and improvement in living standards. It would be necessary to identify industries that could be set up in the region to utilize the cheap electricity. Preferably, these industries should be based on local resources and should not damage the environment. Further, adequate transmission network should be set up in the region to take electricity to the people. For the hydropower projects funded by the central government, the home state receives free power @ 12% of generation as royalty. This power can be used to electrify uncovered areas or it can be sold to provide additional revenue to the state government. Arunachal Pradesh would be receiving substantial free power if the identifi ed projects are constructed.
Since water is abundant in NER, some of it can be benefi cially transferred to the other parts of the country. There is a proposal to transfer water from the Brahmaputra basin to the Ganga by a canal known as the Manas-Sankosh-Teesta-Ganga Link Canal. It envisages diversion of water from a tributary, the Manas River to the Ganga River. However, such proposals are not likely to materialize in the near future. 
How to Prioritize Projects in NER?
Since the fi rst step in constructing a project is preparation of a Detailed Project Report (DPR), a program for surveys, investigations and preparation/ updating DPRs should be initiated. As environmental, submergence, rehabilitation and resettlement issues, etc. are minor in ROR projects, such projects (included in the master plan) may be taken up for implementation on priority basis. Meanwhile, further data collection and studies for integrated development of water resources to maximize the benefi ts from multiple uses of water may be completed. The lower Brahmaputra basin is subject to frequent fl oods and these can be adequately mitigated only by storage projects. Further, storage schemes should not be given up or converted into ROR schemes unless there are adequate technical and social reasons.
Tariffs to consumers should be one of the key considerations to prioritize projects. This is important because in case of NER projects, the cost of transmission of power to the regional grid will be substantial since power demand centers are far from the projects. Hence, long transmission lines would have to be constructed and such costs should also be factored in while assigning priority to projects.
Construction of hydropower projects requires detailed and rigorous investigations involving fi eld and offi ce work. Many times, the desired time and efforts are not put in and this results in delays in obtaining clearances and surprises during construction. Efforts should be made to overcome these bottlenecks. It would be necessary to carry out a cumulative impact assessment study to understand and identify long-term and shortterm impacts of all the projects in a basin. Such a study will help in deciding which projects should be taken up.
Issues in HP Development in NER
Diffi cult access, remote locations, lack of infrastructure, small number of working months, and insurgency/law and order problems are the fi rst set of problems which hamper hydropower development in NER. The next set of major problems involve diffi culty in fi eld investigations (which minimize geological surprises); land acquisition; rehabilitation and resettlement of projectaffected populations; social and environmental issues; submergence of forests; impact on the river ecosystem; safety of dams in a seismically active zone; contractor related problems, etc. Investigation of projects can also be delayed by legal issues, as in the Subansiri project.
Poor infrastructure (chiefl y transport networks) is a bottleneck in the construction and management of hydro-projects. China, for instance, constructs highways connecting hydro-projects as the initial steps in construction phase. This saves considerable time, wear and tear, and hardships. This approach needs to be adopted in India also. If good quality roads are constructed up to the project site in the initial stages, the returns are immense.
Of late, the private sector is being roped in to accelerate the construction of hydropower projects. However, some private sector companies with inadequate experience, background, resources, and interest in hydropower development have been allotted projects but are unable or unwilling to take up these. Rather than accelerating hydropower development, as was the basic intention, this has resulted in delays. Therefore, projects should be allotted only to the companies having adequate experience, resources, and interest in hydropower development, and there should be some mechanism to ensure that the allotted projects are completed in time (of course the requisite clearances should also be given promptly).
Should Storage Projects be Developed in NER or not?
The potential hydropower assessment of NER is 34,900 MW (at 60% load factor) assumes that storage based schemes will be developed in the Siang or Dihang (the main stem of Brahmaputra), Subansiri, Lohit, Dibang basins and other places. These projects were expected to generate power as well as give fl ood control benefi ts. In all likelihood, these projects appear to be quite diffi cult now on account of submergence issues and the reluctance of the concerned State Governments to go ahead with the project. These projects are likely to be replaced by a series of small dams or ROR projects. The Lower Subansiri Project (8 x 250 MW), the lowermost site in the Subansiri basin -at the same place where earlier a high dam was proposed-has been taken up for construction by the National Hydroelectric Power Corporation (NHPC) as a ROR scheme. It is likely to be commissioned by December 2012. The developments in the Dihang basin have also undergone modifi cations as cascade development.
On account of monsoon climate, Himalayan rivers exhibit strong seasonality; fl ows during the winter months (December to February) are very low and these are extremely high during the monsoon months (June to September). A storage reservoir can regulate fl ows and generate power in accordance with the demand. A ROR project will generate power as per the variation of stream fl ows. Hence, a large quantity of energy would be available during the monsoon and much smaller in winters. Thus the advantages of storage projects should be given due weight in the preparation of basin plans.
There are concerns in the development of hydropower, particularly in respect to the projects that involve construction of large dams. The World Commission on Dams (WCD 2002) has concluded that "dams have made an important and signifi cant contribution to human development, and benefi ts derived from them have been considerable … In too many cases an unacceptable and often unnecessary price has been paid to secure those benefi ts, especially in social and environmental terms, by people displaced, by communities downstream, by taxpayers and by the natural environment". WCD also observed that there is a lack of equity in the distribution of benefi ts.
Dams do impact the river ecosystems in many ways: they block rivers and impede the passage of nutrients, silt, fi sh and other aquatic organisms; they impact fi sh migration and spawning; they cause submergence of forests and villages and displacement of population. But if properly planned and managed, most of the ill effects of the dams can be overcome. During construction and operation of a hydropower project, all activities and impacts should be monitored and executed according to an environmental management plan agreed by the various stakeholders.
As per the provisions of the Electricity Act (2003), the CEA is to satisfy itself before giving concurrence to a proposed hydropower project that it does not "prejudice the prospects for the best ultimate utilization of the river or its tributaries and the ultimate development of the river or its tributaries for power generation is consistent with the requirements of drinking water, irrigation, navigation, fl ood control and other public purposes". Thus the CEA has a crucial role in guiding the optimal development of the river basins. Needless to state, once a storage scheme is converted to a ROR scheme, the benefi ts foregone from the multipurpose use of water, fl ood control, as well as reduced hydropower generation cannot be recovered. It is, therefore, necessary that the trade-offs in ROR vs. storage projects are determined and the basin planning is carried out so that there is no signifi cant loss of power potential.
Rehabilitation and Resettlement
Many hydropower projects in NER would be constructed in the tribal areas and are likely to result in submergence of villages, relocation of population, loss of forests and bio-diversity, and disruption of community networks. This is a serious issue which needs to be addressed with a human-centric approach. It would be necessary to evolve a liberal policy on resettlement and rehabilitation specifi cally tailored to ground realities and socio-economic conditions of NER.
Successful development of hydropower should improve living conditions of the affected communities and provide equitable distribution of project benefi ts. Local and traditional knowledge of communities should be utilized in project planning, construction, and operation. The planning process for hydropower development should ensure that adequate consultation is done with the community and institutional stakeholders to identify the impacts on the community and appropriate mechanisms for impact mitigation are put in place. A comprehensive resettlement plan should have the consent and acceptance of the community, and provide sustainable long-term solutions to protect the livelihoods and social networks. One may note recent incidents related to land acquisition in India and the unpleasant situations created due to resistance by the land owners.
If people fi nd that relocation will improve growth opportunities, they will support development activities such as hydropower projects. Managing issues related to rehabilitation & resettlement is diffi cult because it requires balancing diffused interests against concentrated interests. It asks those affected by a project to trade off today's certainties for tomorrow's uncertainties. This will require far-reaching changes in institutions to mobilize trust and involve the communities as partners in progress.
Power Transmission Issues
Since the power generated from the projects in NER would be much more than the demand in the region (in the foreseeable future), energy would have to be exported to other parts of the country. To that end, long distance high-capacity transmission lines would have to be built. Cost of transmission of power to the load centers could be substantial (say more than Rs. 2.00 per kWh). Moreover, the transmission lines would have to pass through the Siliguri corridor but this is not likely to be a serious handicap in the near future. With the establishment of a national grid, there will not be much problem in the transmission of power to other parts of the country after it reaches the eastern power grid but the cost of power transmission up to the eastern grid would have to be factored in the project costs.
The transmission system for evacuation of power from the Kameng (600 MW) project is estimated at Rs. 11,000 million, about 50% of the generation cost of the project. Similarly, in the case of the lower Subansiri (2,000 MW), the transmission cost would be about Rs. 100 billion (Rao 2005) . These costs would also rise with time.
Institutions for Project Implementation
There are a number of organizations at the Centre and State levels working in the areas of power and water resource development in NER. However, in view of the complex issues involved in water and power development, the government may consider establishing, say, North East Water Resources Authority for the integrated development of NER water resources. This authority will take action to generate electricity, implement effective fl ood control, develop irrigation, and also infrastructure. Such actions could transform the region from an underdeveloped to a developed region. This institution can also take up research studies for fi nding solution to NER problems. In view of this and experience gained so far, the creation of a new empowered organization is necessary for water resource and hydropower development in NER. According to WB (2007) , resources-led growth must be accompanied by institutional reforms and policies that are conducive to broad-based development.
The fi rst task of such an organization should be to create a modern database and prepare a master plan for the coordinated development of the various projects along with infrastructure development, and policy for resettlement and rehabilitation, and land acquisition. The master plan should have the concurrence of State Governments so that there are no hurdles in its implementation. The implementation of the schemes should be a distinct activity, and it is desirable to separate it from the regulatory and superintending functions. The decisions of such an authority in all matters under its purview should be binding on all the agencies involved in planning, development, construction, and operation of plants in the basin. An organizational setup along the lines of the Damodar Valley Corporation in India or the Tennessee Valley Authority in the USA could be considered.
International Issues
Most rivers of NER are transboundary and optimal development requires international cooperation. There is excellent cooperation between India and Bhutan regarding development of hydropower. The Tala run-ofriver hydroelectric project (1020 MW) is the biggest joint project between India and Bhutan, and it generates 4,865 million kWh/yr of energy. Other projects constructed in Bhutan with Indian assistance include Chukha (336 MW) and Kurichu (45 MW). Surplus power from these projects is exported to India.
There are possibilities for utilizing the U-bend (or the "Big Bend") in the Tsangpo River between Tibet and Arunachal Pradesh in India for large-scale hydropower development. A drop of about 3,000 meters is available where the Tsangpo fl ows at an altitude of 3,600 meters and descends to Gelling in Arunachal Pradesh, which could be utilized for generation of a very large amount of power. This possibility has been identifi ed but no feasibility study has been initiated so far.
The Tipaimukh multipurpose project on the Barak, proposed at the tri-junction of Manipur, Mizoram, and Assam, seems to have raised needless apprehension in Bangladesh that the project would dry up the Barak River and cause monsoon fl ooding in the Sylhet region. With a specifi c fl ood cushion, this project would provide substantial relief to fl ood-prone areas in the Cachar Valley in India and the Sylhet region in Bangladesh. In fact, Tipaimukh was the fi rst fl ood moderation study suggested by Bangladesh after the Indo-Bangladesh Joint Rivers Commission was established in 1972. But subsequently, their view about this project has undergone a sea-change.
Risks in Development of Hydropower in NER
There are two external risks in the development of water resources of the NER: 1. Large scale upstream developments by China which may have signifi cant impact on water availability and its distribution in India. 2. Reduction in fl ow due to impacts of global warming and climate change -decline in precipitation and recession of glaciers. These are discussed below:
Impacts of Upstream Developments in China
Reports indicate that China may be constructing some projects in the Brahmaputra basin in Tibet. The population of China is more concentrated in the northern part of country but the rivers in the north have comparatively smaller fl ow, larger seasonality and remain frozen for long periods. The rivers in the northern region have about 15% of the water of the country whereas the population is nearly half. In contrast, the southern region has large water potential.
Until about the year 2005, water demand in China was less than the availability but thereafter, the demand has overtaken the supply and by the year 2030, the projected demand is likely to be about 800 BCM against the supply of 750 BCM. Since water scarcity is mainly concentrated in the North, China has launched a massive project to divert the waters of the Yangtze River to the North. With the track record of taking up massive civil engineering projects, at times ignoring any environmental concern, it is not surprising if the Chinese Government decides to construct projects to harness the waters of the Brahmaputra River.
China may Construct Three Types of Projects a) Run-of-River Projects:
A run-of-river (ROR) project generates hydroelectric energy from the fl ow of a river as it occurs and there is no signifi cant storage of water. Hence, for India, the impact of such a project on the fl ow of the Brahmaputra will be negligible. b) Storage Projects: A storage based project will be able to store and regulate stream fl ows for, say irrigation and hydropower generation. It is estimated that in the lean season, the fl ow in Arunachal Pradesh would be about 15 BCM. Hence, if China stores water in the lean season, the fl ow in the river will drop. This will have an impact on hydropower generation in the lean season and on withdrawals for irrigation and other uses. c) Water Diversion Project: A water diversion project (with or without storage) would result in reduced fl ows of the river in the Indian part. Consequently, some proposed hydropower projects in India may become unviable and the benefi ts from some others may dramatically reduce. Large reductions in fl ows during lean season will have detrimental impacts on bio-diversity and uses of river water. The impact of diversion will depend on the quantity and time distribution of the diversion.
Impacts of Climate Change
Global warming and climate change may lead to less fl ow if precipitation declines. China will not construct a large project if it is likely to face diffi culties due to climate change. However, it is diffi cult to make any prediction in the absence of adequate and reliable data. India should try to get hydro-meteorological and other relevant data for the Chinese part of the basin and commission some studies so that the various scenarios of climate change and the impacts could be studied. This will also help in taking better decisions for the development of hydropower in NER.
Conclusions
The immense untapped hydropower potential of the NER is an excellent source of electricity that can contribute signifi cantly to meet the current and future power demands of India. Identifi ed schemes should be taken up for implementation on priority basis. Hydropower development will also trigger overall growth of the region and improvement of infrastructure. Increased availability of electricity could accelerate economic progress in the region.
The immediate need for the development of the region's hydro potential is to help meet national power demand through export of power to other regions of the country. The cost of power transmission to load centers would be substantial in the initial years, making power more expensive at destination. Access to low-cost longterm funds and a national transmission tariff are possible options to resolve the problem.
The hydropower potential of the region should be exploited through a mix of run-of-the-river and storage projects to maximize benefi ts and minimize adverse environmental impacts. Storage projects would provide higher fi rm power, regulated energy, and multipurpose benefi ts of fl ood control, irrigation, navigation, etc. Initial attempts should be to develop those projects that have less resistance and give quick return. Small and mini hydro projects should also be developed sideby-side. For integrated and optimum development of the resources of NER, a coordination mechanism is essential. An empowered authority to formulate policies for development, funding, construction and operation of infrastructure projects may be set up to accelerate the development of the NER. 
